The in vivo activity of xanthine dehydrogenase (E.C. 1.2.137) was followed in leaf discs excised from illuminated or darkened plants. In cotyledons of Pharbitis nil, 24 hours of darkness enhanced the in vivo activity of xanthine dehydrogenase which increased between 2 to 5-fold depending on the concentration of hypoxanthine of the solution where cotyledon discs were incubated. The same effect occurred in leaves of several other species, in plants with both (2, 6, 7, 23) . The formation of ureides from adenylic compounds involves three main steps: first, the deamination of adenine derivatives to hypoxanthine derivatives; second, the oxidation of hypoxanthine to xanthine and uric acid; then, the opening of purine ring leading to the formation of allantoin and allantoic acid (10). Early studies have shown that in cotyledons of Pharbitis neither the deaminative rate of adenine derivatives nor the degradative rate of uric acid increased in darkness, whereas, the oxidation of hypoxanthine is sharply higher in darkness than in light (16). The oxidation of hypoxanthine represents the first irreversible reaction leading to the catabolic pathway of purine derivatives. In leaves, it is achieved by a soluble molybdoflavoprotein, a NAD(P)+-xanthine dehydrogenase (E.C. 1.2.1.37) (18). Time course for the changes of the in vivo activity of xanthine dehydrogenase was previously determined (14) : in darkness, the increase of activity begins after an 8-h lag period and reaches a plateau after 30 h. At this time, the transfer of plants in light causes a rapid decrease in the in vivo activity of xanthine dehydrogenase within the first 8 h of light.
influenced by the energy of light and the duration of illumination. The supply of carbohydrates to darkened cotyledons had the same effect as Ught on the in vivo activity of xanthine dehydrogenase. It is proposed that the effect of Ught on the in vivo activity of xanthine dehydrogenase in leaves is mainly due to the production of photosynthates which changes the osmotic state of leaf tissue and thus modifies the level of the in vivo activity of xanthine dehydrogenase.
After supplying 18-'4Cladenine to cotyledons of Pharbitis nil, the main labeling of acid-soluble metabolites appears first in adenine nucleotides, then, deaminated and oxidized derivatives become radioactive (16) . Thereafter, the radioactivity accumulates in ureides (allantoin and allantoic acid). Such a degradation of adenine derivatives into ureides has also been reported in leaves of Acer saccharinum (1) and Symphytum officinale (19) and the conversion of hypoxanthine to ureides has been shown in leaves of Symphytum (3) and in shoot tips of tea (21) .
In cotyledons of P. nil, the rate of formation of ureides from adenylic compounds is lower in light than after 20 h darkness ( 12) . Simultaneously, there is a significant decrease in amounts of adenine nucleotides in darkened cotyledons (13) . In other studies, several authors have found an increase in ureides in darkness (2, 6, 7, 23) .
The formation of ureides from adenylic compounds involves three main steps: first, the deamination of adenine derivatives to hypoxanthine derivatives; second, the oxidation of hypoxanthine to xanthine and uric acid; then, the opening of purine ring leading to the formation of allantoin and allantoic acid (10) . Early studies have shown that in cotyledons of Pharbitis neither the deaminative rate of adenine derivatives nor the degradative rate of uric acid increased in darkness, whereas, the oxidation of hypoxanthine is sharply higher in darkness than in light (16) . The oxidation of hypoxanthine represents the first irreversible reaction leading to the catabolic pathway of purine derivatives. In leaves, it is achieved by a soluble molybdoflavoprotein, a NAD(P)+-xanthine dehydrogenase (E.C. 1.2.1.37) (18) . Time course for the changes of the in vivo activity of xanthine dehydrogenase was previously determined (14) : in darkness, the increase of activity begins after an 8-h lag period and reaches a plateau after 30 h. At this time, the transfer of plants in light causes a rapid decrease in the in vivo activity of xanthine dehydrogenase within the first 8 h of light.
This paper reports that light affects the in vivo activity of xanthine dehydrogenase in leaves of various species. Because the present results show that the effect of light on the in vivo activity of xanthine dehydrogenase did not occur either in roots or in Chldeficient leaves, the level of the in vivo activity of xanthine dehydrogenase was dependent on light energy, and the in vivo activity of xanthine dehydrogenase could be decreased by supplying carbohydrates to leaves, it is thought that the role of light on the in vivo activity of leaf xanthine dehydrogenase is mediated through photosynthetic activity. Among the ways by which photosynthesis can affect the in vivo activity of xanthine dehydrogenase, the present data suggest strongly that light acts mainly by changing the osmotic conditions in leaves.
MATERIALS AND METHODS
Plant Material. Pharbitis seeds were prepared as described (15) . They were sown in Vermiculite, and grown in Phytotron at Gifsur-Yvette with 16 h light per day with combined fluorescent and incandescent light, the photon flux density being 250,uE m-2s-2 at a constant temperature of 27 C and 70%o humidity. The A triplex spongiosa plants received 230 t,E m-2 s-' from a Xenon light.
Pisum sativum, Secale cereale, Triticum aestivum and Nicotiana tabacum seeds were grown at 22 C. All plants were watered daily with a modified Hoagland nutrient solution (16 (16) .
The in vivo activity of xanthine dehydrogenase was estimated by the quantity of percentage of products recovered from the discs, namely xanthine, uric acid, allantoin and allantoic acid.
Radioactivity in urea was absent or very low. (50 mCi/mmol) was purchased at Commissariat a l'Energie Atomique (Gif-sur-Yvette).
RESULTS
Effect of Hypoxanthine Concentration on the Level of the in Vivo Activity of Xanthine Dehydrogenase. The influence of the concentration in hypoxanthine on the level of the in vivo activity of xanthine dehydrogenase was studied in cotyledons of Pharbitis which received 24 h light (250 ,uE m-2 s-') or 24 h darkness. Results in Figure I show that the level of the in vivo activity of xanthine dehydrogenase was dependent on the concentration of hypoxanthine in the incubation medium. The activity increased with the concentration of precursor, both for illuminated and darkened cotyledons. However, throughout the range of concentrations used, the activity was always higher in darkness than in light ( Fig. 1, A) . In other respects, this difference cannot be explained in terms of a difference in absorbed precursor because the total absorbed amount of hypoxanthine grew linearly throughout the range of concentration without remarkable difference between both conditions (Fig. 1, B) . Therefore, it may be thought that some endogenous factors reduce the activity of xanthine dehydrogenase in connection with illuminated state of cotyledons.
In light, the activity continued to increase up to 1 mm hypoxanthine. In contrast, in darkness, at concentrations greater than 0.5 mM hypoxanthine, there was no further increase of activity, whereas, the amount of absorbed precursor increased at the same r. (Fig. 1, C) . It should also be noted that the dark/light ratio for the activity of xanthine dehydrogenase exhibited highiest value for lowest hypoxanthine concentration, the ratio decreasing from 5 to 2 when hypoxanthine concentration increased from 0.02 to I mm ( Fig. 1, D) . As the endogenous concentration in free purine bases is commonly considered to be extremely low, it may be supposed that in absence of added hypoxanthine, the oxidative rate of purine compounds might be sharply more efficient in darkness than in light, which reinforces the role of light in the regulation of purine catabolism in leaves attached to the whole plant.
Light Fig. 2A) that the lower the light intensity the more the activity increased. Duration of the treatment also appeared to be a major factor: for intensities below 100 ,uE m-2 s-', at a given energy, the longer the illumination the less was the increase of activity.
In contrast with the slow increase of the in vivo activity of xanthine dehydrogenase in darkness is that this activity decreases rapidly in light (14) . Thus, it was interesting to study the influence of light energy on that other light-dependent variation of activity. In such an experiment, plants were previously held in the dark for 40 h and consequently they exhibited a maximum activity. In the second type of experiment, sugars were absorbed by excised pairs of cotyledons with hypocotyl for 24 h in either darkness or light. In this case, the expected effect of sugar supply on the in vivo activity of xanthine dehydrogenase could be observed: the activity decreased when sugars were absorbed by cotyledons (Table III,B) . Sucrose appeared to be more efficient than glucose: with 100 mm sucrose, the activity was inhibited at about 46%, whereas, the same concentration in glucose gave only an inhibition of about 32%. The inhibition caused by sucrose was lower than that of light which was about 55%. Also the inhibition of the in vivo activity of xanthine dehydrogenase by sugars occurred in darkness as in light with the same intensity in both conditions for sucrose: 45.2% inhibition in dark, 47.8 in light; for glucose, 31.8 and 33.0, respectively.
Of particular interest were the results concerning the action of mannitol. This sugar provided the same effect as sucrose or glucose. Moreover, it was more efficient than sucrose in darkness since only 25 mm mannitol inhibited the in vivo activity ofxanthine dehydrogenase as much as light did, whereas, more than 100 mm sucrose was required for the same effect.
DISCUSSION
The role of light in the in vivo activity of xanthine dehydrogenase which appears very clearly in all tested green leaves, except for A. spongiosa, is not observed in roots nor in Chl-deficient leaves. Moreover, light intensity and duration of illumination can determine the leve! of xanthine dehydrogenase activity (Fig. 2) . In addition, supplying sucrose can decrease this activity (Table III) . These results suggest that the level of purine catabolism might be related to photosynthetic activity. Further experimental support to this hypothesis has also been provided by other results which showed that the in vivo activity of xanthine dehydrogenase increased in illuminated leaves when the atmosphere was free of CO2 or when plants absorbed a DCMU solution (17) . Thus, from all these data, it can be assumed that the regulation of the in vivo xanthine dehydrogenase activity by light might be mediated through photosynthesis. However, photosynthesis represents a complex factor because it generates various metabolic modifications, the most interesting for the present problem being the REGULATION OF PURINE changes in redox power and energy state, and the production of carbohydrates.
The present knowledge about xanthine dehydrogenase does not indicate that the xanthine dehydrogenase activity is sensitive to the energy state. In contrast, it has been shown that the NAD+ xanthine dehydrogenase activity of chick liver is inhibited by NADH which competes with NAD+ (4) suggesting a possible role of the redox power in the in vivo regulation of the NAD+-xanthine dehydrogenase activity. Therefore, there may be some interest in examining such a possibility in the case of plant NAD(P)+ xanthine dehydrogenase. Here I have shown that the in vivo xanthine dehydrogenase activity increases in terms of precursor concentration in darkened leaves as well as in illuminated ones (Fig. 1) . It has customarily been assumed that illumination causes an increase in reducing power in leaves. It might be supposed that light could inhibit the in vivo xanthine dehydrogenase activity by the increase in reducing power. However, the examination of this hypothesis lead to the following objections. First, the lag time in the increase of the activity of xanthine dehydrogenase in darkness which lasts between 6 and 8 h (14) seems much too long in comparison with the time-course of the decrease in reducing power which reaches stable value within the first h after light is turned off (8) . Second, the analysis of the increase in the in vivo xanthine dehydrogenase activity from 0.02 to 0.5 mM hypoxanthine (Fig. 1) shows that the activity increased 11.5-fold for illuminated leaves and 4.7-fold for darkened ones. The higher relative increase of the in vivo xanthine dehydrogenase activity in illuminated leaves than in darkened ones indicates that the state of redox power due to illumination cannot be considered as a determining factor in the inhibition of the xanthine dehydrogenase activity in illuminated leaves.
Another function of photosynthesis is the production of carbohydrates. A possible mechanism for the light inhibition of the in vivo xanthine dehydrogenase activity might be that photosynthates produced in illuminated leaves inhibit xanthine dehydrogenase.
Such a possibility could effectively account for the lag phase of several h in the increase of the xanthine dehydrogenase in darkness (14) although it appears less evident, but not impossible, for the rapid decrease in xanthine dehydrogenase activity after onset of light. Furthermore, a supply of sucrose can decrease the in vivo xanthine dehydrogenase activity (Table III) . However, this effect was observed only when sucrose was absorbed by cotyledons for 24 h. The supply of sucrose did not affect the in vivo xanthine dehydrogenase activity when cotyledon discs were incubated in sucrose solutions for 2 h. In both cases, however, sucrose is indeed metabolized by the tissue because it was observed that the respiration was increased twofold (J. Nguyen and G. Comic, unpublished results). These last results show that the effect of added sucrose on the level of the in vivo xanthine dehydrogenase activity cannot be correlated with the level of their metabolic consumption. Hence, it may be inferred that sucrose does not act directly on the in vivo xanthine dehydrogenase activity and does not affect the in vivo activity of.xanthine dehydrogenase through modifications of respiratory rate. These conclusions are corroborated by results concerning the role of mannitol (Table III) . The effect of mannitol is exactly the same as that of sucrose: a short time application did not modify the in vivo activity of xanthine dehydrogenase, whereas, a long time absorption inhibited this enzymic activity. Because mannitol cannot be metabolized, it can be inferred that supplying this sugar only changes the cell osmotic pressure. It is probably CATABOLISM BY LIGHT 939 one major reason why the concentration of mannitol needed to lower the in vivo activity of xanthine dehydrogenase to the level of illuminated tissues was much smaller than that required when sucrose was used ( Table III) .
In that the in vivo activity of xanthine dehydrogenase could be altered in connection with osmotic changes, a new way for understanding the role of light on this metabolic step may be considered.
In glycophytes such as nearly all species tested here, sugars are considered as one of the major osmotic molecules (9) . As it has been demonstrated that the influence of light on the in vivo activity ofxanthine dehydrogenase is dependent on photosynthetic activity (present results and 17), the prime hypothesis that may be put forward would be that the inhibition by light of the in vivo activity of xanthine dehydrogenase in leaves might be correlated to osmotic cell changes due to synthesis of photosynthates. Results of other studies dealing with the in vitro activity of leaf xanthine dehydrogenase fit well with that possibility (J. Nguyen and A. Nato, in preparation).
